management of a companion crop is critical to successful establishment of perennial forages (Albrecht and Hall, and increases in harvested alfalfa yields in the establishquality was greatest where alfalfa density was high and weed density was low. Because no significant yield or quality differences were found ment year (Simmons et al., 1992). Herbicides are necesamong treatments in the year after establishment, method chosen for sary for weed control and are advantageous for firstestablishment should be based on forage needs during the establishyear yields of clear-seeded alfalfa (Sheaffer et al., 1988) . ment year.
with alfalfa seeded alone with an herbicide (Sheaffer Iowa locations in 1996 and 1997. The oat companion-crop treatment et al., 1988) . Lanini et al. (1991) found similar weed harvested for silage yielded the greatest forage dry matter (DM) in percentages in alfalfa treatments established with a comthe establishment year. However, drilled treatments without an oat panion crop or alone with an herbicide. Weed control companion crop, including the control, resulted in greater alfalfa stand during establishment also increased alfalfa shoot weight densities. Treatments with sethoxydim had lower grass weed densities and leaf number (Stout et al., 1992) .
in the establishment year while the drilled control and oat residue
Clear-seeding is a planting method that provides an mulch treatment had the greatest. Treatments containing oat, and alternative to using a companion crop. This method clear-seeded with imazethapyr, had the lowest broadleaf weed densiprovides decreased competition from companion crops ties in the establishment year. During the establishment year, forage and increases in harvested alfalfa yields in the establishquality was greatest where alfalfa density was high and weed density was low. Because no significant yield or quality differences were found ment year (Simmons et al., 1992) . Herbicides are necesamong treatments in the year after establishment, method chosen for sary for weed control and are advantageous for firstestablishment should be based on forage needs during the establishyear yields of clear-seeded alfalfa (Sheaffer et al., 1988) .
ment year.
Imazethapyr is a postemergence selective herbicide that was labeled for use on alfalfa in January 1995 (Dahmer, 1995) . Imazethapyr gives excellent control of annual A lfalfa has traditionally been established in the grass and broadleaf weeds. Some short-term plant stuntMidwest with a companion crop such as oat (Chapko ing, however, can occur for alfalfa plants, but this does et al., 1991; Simmons et al., 1995) . Companion crops not lead to phytotoxic effects by harvest time (Zollinger are advantageous to alfalfa during establishment beand Meyer, 1996) . cause they suppress weed germination, growth, and A method of establishing alfalfa that utilizes the attricompetition and decrease the potential for soil erosion butes of both companion cropping and herbicide use (Wollenhaupt et al., 1995) . Companion crops can inwas introduced in the late 1980s (Twidwell et al., 1993) . crease total dry matter (DM) production during the Sethoxydim is a postemergence herbicide that can be establishment year (Sturgul et al., 1990; Chapko et al., used during alfalfa establishment to control grass weeds 1991). Companion crops can also negatively affect alor oat (Twidwell et al., 1993) . Sethoxydim application falfa during establishment by competing for light, moisto alfalfa and oat is very effective in killing the companture, and nutrients, which can lead to reduced yield ion crop and other grass weeds that might be present. (Hall et al., 1995) and decreased plant density (Lanini This provides a pure stand of high quality alfalfa forage et al., 1991; Nickel et al., 1990) . Appropriate harvest for harvest (Stute and Posner, 1993) . A postemergence application of sethoxydim to oat growing with alfalfa can also optimize alfalfa yields in the establishment year
Dep. of Agron., Iowa State Univ., Ames, IA 50011-1010. Journal (Curran et al., 1990; Twidwell et al., 1993 The objective of this study was to evaluate alfalfa Fick (1981) . Herbage quality was determined using near infrared reflecestablishment when planted into the residue of a wintertance spectroscopy (NIRS) (Windham et al., 1989 (Marten and Barnes, 1980) . soils are classified as a Nicollet loam soil (fine-loamy, mixed,
The experimental design at each location was a randomized mesic Aquic Hapludoll) at Ames and a Sac Galva Primghar complete block design with four replications. Data were analoam soil (fine-silty, mixed, mesic Typic Hapludoll) at Calulyzed using a combined analysis with locations fixed and blocks met. At both locations, the fields used for the study were within locations random (McIntosh, 1983) . Harvest dates cropped with soybean [Glycine max (L.) Merr.] in the season within years were analyzed using a split plot in time univariate before application of the treatments.
analysis (Littell et al., 1998) . The effect of year on total annual Oat for the winter-killed residue mulch treatment was es-DM yield, grass weed density, and broadleaf weed density tablished in the fall of 1995 at both locations. 'Starter' oat was was similarly analyzed as a split plot in time. Statistical analyses drilled into a conventionally prepared seedbed at 70 kg ha Ϫ1 of treatment and harvest comparisons were conducted using on 31 August and 5 September at Ames and Calumet, respecthe General Linear Models (GLM) procedure of the Statistical tively. 'Alfagraze' alfalfa (inoculated) was seeded at a rate of Analysis System (SAS Inst., 1991). Mean comparisons were 16.8 kg ha Ϫ1 pure live seed for all establishment treatments made using an F-protected least significant difference (Steel during the spring of 1996. Alfalfa was seeded with a Tye forage et al., 1997). All tests of significance were made at the P Յ drill into a conventionally prepared seedbed at a depth of 0.05 level unless otherwise specified. 5 mm with 20-cm row spacing for all treatments except the residue mulch treatment and broadcast control treatment,
RESULTS AND DISCUSSION
which were seeded with a Brillion cultipacker-type seeder. The latter treatments were seeded without additional tillage Weather so that the oat residue remained intact. For the oat companion Annual precipitation for 1996 was 10 cm above and seeding treatments, Starter oat was seeded in 20-cm rows at equal to 40-yr mean precipitation values for Ames 90 kg ha Ϫ1 pure live seed using a Tye drill at a depth of 2 cm. Alfalfa with oat treatments were seeded 11 and 19 April 1996 and Calumet, respectively. Precipitation values in 1997, at Ames and Calumet, and clear-seedings of alfalfa were made through the month of August, were 7.4 and 10.9 cm was high, the stands had substantial grass and broadleaf harvest for either location. No negative effects of sethoxydim on alfalfa growth were observed. weed densities, which contributed to total forage yield.
Yield of DM for clear-seeded alfalfa plus imazethapyr
Alfalfa stand densities at the second harvest were lowest for the oat companion and oat residue mulch was significantly less than for all other treatments in 1996 (Table 1) . Leaf yellowing and plant stunting of treatments (Table 2) . Greatest alfalfa stand densities were observed for the herbicide treatments followed by alfalfa was observed shortly after application of imazethapyr in 1996, which may have retarded growth and the drilled control. Simmons et al. (1995) and Lanini et al. (1991) similarly observed negative competitive efreduced total forage DM yield.
The first harvest in the establishment year consisted fects of oat companion crops on alfalfa growth. Forage DM yields for the last harvest in the establishof the oat-for-silage treatment only on 12 June at Ames and 11 June at Calumet. Forage DM yields were 2842 ment year were more similar among treatments than for earlier harvests (Table 2) . At Ames, the drilled control and 2864 kg ha Ϫ1 at Ames and Calumet, respectively (Table 2 ). Although yields were not different between treatment had a significantly higher DM yield than all other treatments with the exception of the oat residue the locations, alfalfa stand density was nearly three times greater at Calumet. Rehm et al. (1998) similarly remulch treatment. At Calumet, the harvested oat companion-crop treatments yielded lower than all others. ported that stand densities were not directly related to DM yield in newly established stands of alfalfa.
Alfalfa densities increased from the second harvest for all treatments at Ames and for treatments containing oat The oat companion crop harvested for grain had the greatest total DM yield at the second harvest date at at Calumet. Alfalfa densities were highest for herbicide treatments at Ames and tended to be higher than most both locations ( Table 2 ). The harvested yield was mostly oat grain and straw, however, which is more commonly other treatments at Calumet. There were no differences in alfalfa maturity among treatments at Ames. However, fed as grain and used as bedding and not fed to livestock as forage. Oat grain yield and test weight were 3425 kg at Calumet, alfalfa was less mature for the oat companion crop harvested for silage than most other treatments. ha Ϫ1 and 15.3 kg at Ames and 2132 kg ha Ϫ1 and 14.3 kg at Calumet, respectively. Curran et al. (1993) reported a similar interaction for maturity in an alfalfa establishment study conducted in The oat residue mulch treatment produced the next highest yield for the second harvest at both locations South Dakota. At one location, they observed lower maturities for alfalfa established with an oat companion ( Table 2) . Second-harvest yields were lowest for the imazethapyr treatment at both locations (Table 2) . This crop compared with herbicide and control treatments while at another, there were no observed differences was attributed to a negative impact of the chemical on alfalfa growth. However, plant development as meain maturity. Total forage yields for the two harvests made in the sured by mean stage count was not affected by imazethapyr at either location compared with the drilled control year following establishment did not differ among treatments at either location (Table 1) . This result is consistreatment. Yield of the sethoxydim-treated plots did not differ significantly from the drilled control at the second tent with the results of a number of other alfalfa estab- grain, oat residue mulch, and oat treated with sethoxylishment studies in which various companion crop and dim) had broadleaf weed densities similar to that of herbicide treatments were compared (Brothers et al., alfalfa treated with imazethapyr. Imazethapyr has been 1994; Curran et al., 1993; Schmid and Behrens, 1972) . demonstrated to provide effective control of many annual broadleaf weeds and some annual grass weeds dur-
Weed Densities
ing alfalfa establishment (Darwent et al., 1997 ; Zollinger Grass weed densities were higher at Ames than Caluand Meyer, 1996) . met (Table 1) . However, there was no treatment ϫ Weed densities were very low for the first harvest, location interaction. At both locations, grass weed denwhich consisted only of the oat-for-silage treatment (Tasities were lowest for the two treatments in which sethble 2). At the second harvest, grass and broadleaf weed oxydim was applied during the establishment year (Tadensities increased at both locations for most treatble 1). This result is consistent with the labeled use of ments. At Ames, there were no differences in grass sethoxydim and had been reported in other studies (Hall weed density among treatments, with the exception of et Twidwell et al., 1993) . Grass weed densities the imazethapyr treatment, which had the highest grass were highest in the two control treatments (broadcast weed density. This likely occurred as the result of a and drill) and the oat residue mulch treatment.
decrease in alfalfa competitiveness caused by the adverse effect of the herbicide on alfalfa growth. Broadleaf All treatments containing oat (oat for silage, oat for weed densities at the second harvest in Ames were lowbroadleaf weeds among treatments at the third harvest. However, at both locations, broadleaf weed densities of est for the oat companion-crop treatments. Neither herthe sethoxydim-treated plots were significantly greater bicide treatment differed from the drilled control treatthan the drilled control. ment. At Calumet, the oat mulch residue and broadcast control treatments had higher grass weed densities than the other treatments, except the drilled control, which
Forage Quality had an intermediate value. Broadleaf weed densities
Forage quality varied during the establishment year followed a similar trend although the drilled control did with treatments, location, and harvest (Table 3 ). There not differ from either herbicide treatment.
was a significant interaction between treatment and harGrass weeds increased dramatically between the secvest for most forage quality parameters that was primarond and third harvests at Ames and to a much lesser ily related to the presence of either oat or weeds in the extent at Calumet (Table 2) . At both locations, the harvested forage. Forage quality was very high for the two sethoxydim treatments had the lowest grass weed first harvest in the establishment year, with CP values densities. However, the difference was not statistically Ͼ200 g kg Ϫ1 DM and IVDMD values Ͼ770 g kg Ϫ1 for significant at Calumet because of the relatively lower both locations. At the second harvest, treatments with grass weed pressure. Broadleaf weed densities decreased an oat companion crop had lower forage quality than between the second and third harvest for most treatments at both locations. There were few differences in other treatments except the broadcast control. Oat com- crop for alfalfa establishment reduced broadleaf weed § Least significant difference (P Ͻ 0.05).
densities to a similar extent as imazethapyr application. ¶ Not significant (P Ͻ 0.05).
Establishment without an oat companion crop or herbicide produced competitive yields during the seeding panion treatments had lower CP and IVDMD and year but produced a lower quality forage due to higher higher ADF, NDF, and ADL than other treatments.
weed densities. The oat residue mulch treatment did This occurred because mature oat, which has relatively not suppress weed densities as well as the oat companion low quality compared with alfalfa, comprised most of and herbicide treatments. However, this treatment may the DM yield (Becker et al., 1998) . Competition from still be beneficial for providing winter cover on sites oat plants reduced weed densities but also alfalfa denwith high erosion potential. No significant differences sity, which contributed to lower forage quality. At were found for forage yield or forage quality among Ames, neither herbicide treatment differed from the establishment methods during the year after establishdrilled control for CP and IVDMD, yet both had a lower ment. Therefore, the establishment method used should NDF concentration than the control. At Calumet, the be based on site-specific characteristics such as weed imazethapyr treatment had slightly higher CP than the populations and soil erosion potential as well as the drilled control but did not differ for any other conindividual producer's forage needs during the establishstituent. ment year. In contrast to the second harvest, the oat companioncrop treatments harvested for grain and silage had REFERENCES higher forage quality than the other drilled treatments for the third harvest in the establishment year at Calu- No differences in forage quality were observed in the Curran, B.S., K.D. Kephart, and E.K. Twidwell. 1990 . Chemical conyear following establishment ( Sethoxydim suppressed both grass weed and oat growth
